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(54)Title: SEMICONDUCTOR DEVICE AND ITS MANUFACTURE 



(57) Abstract 

A communication semiconductor device in 
which an HEMT having a frequency band of 
about 5 GHz is incorporated. The diclccUic 
strength of the semiconductor against a surge 
current at the time of handting/etc>/is prevented. 
The .semiconductor device is provided with a 
semi-insulating compound semiconductor 
substrate (semi- insulating GaAs subsuatc). an 
electron traveling layer made of an undoped 
compound semiconductor (undoped GaAs) 
formed on the main surface of the semiconductor 
substrate, an electron supplying layer made of a 
compound semiconductor (AIGaAs) of a first 
conductivity (N-type) which is formed on the 
electron traveling layer and generates 
twoKlimensional electron gas channels in the 
surface layer of the electron traveling layer, 
source and drain electrodes formed on the 
electron supplying layer, and a gate electrode 
formed on Llie upper surface of the electron 
supplying layer between the source and drain 
electrodes. An NiN protective element composed 
of an intrinsic semiconductor layer formed by 
partially etching off the electron supplying layer 
and pan of the electron supplying layer is 
provided between the gate and source electrodes. 
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iy^fi ( H E M T : High Electron Mobility Transistor) ^^ti^^ 

^Wii^i&^mi^mii^l&mt UTG aAsMESFET (Metal Sen! 
conductor Field Effect Transistor) -^GaAsHEMT ip^j^ $ 
TV^^n GaAsHEMTttGaAsMESF E T IcftiSf L TllWI^ 

ftffiMlia[j»««*>5 GH z«Ti:J5:5GaAsHEMTtt, tzt^i 
^«i»ttG a A s »«±lC«?^^f K~:^G a A 8 

Ji, K~:^G a A s»©^Jg»c 2 Ik7c«^;lfx^-y;^;u$:l6 

(NH) *>e.)5:S«-5^«^|&Mi:'5fc5AlGaAs 

SNSIG a A s ^m}k:I^\f9^i/^rJU0,^^■^rzmU^mfSLXi>^, 

Pi2i~pi23'»f>. ED82-127 

(«>tWHEMT) K:SB«$*iTt>S. 1^59^2- 1 6 2 7 4 
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4-i-4.^«iS,kt/1$BillS6 0- 8 6 8 7 4t4^«^Ctt, • y-T. 

HEMTJC*,M:tS>t«#tt'^«;!j«f§©i8figd>e»HEMT© 
^-h (G) i: (S) ia)tCNPNt?«|iat$*v-5>'^y ^ h'tf^^y 

0 (back-to-back) K S:«*atf 3. i: l*Bji-C 

:::ri»:Jg(T©9A»c<):'&. 

«#:«fi©Jill»«i:«IWil»[ (dB) fc®fflH;&^-rdr57-efey. 
jgl 5|Stt:!|c«%«^cJ:oT«^3til£S;^n:^iiilC<t:i^B;b^<):t;«^3t(© 
^»«:|5fi©Hl»jB[i:«:?Jf!Ifl (dB) i: ©fflMSr^Tif 5 ^'■^feS. 
tfli»Ati«a3R^S:ffitt55i:v>HEMT©«FttS:5tb, ffllRCttNP 
25 N/<yi; K-^z-^y i>if-r;i-~KI:ffl*jiA.:eHEMT {HEMT (N 
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PND) ) ®4#ttS:j5RU. Ift^DJtME S F E T®4$^4|r^-r. th, 
HEMTi:MESFET©«IW}§«NFS:ifcttr-5fe«>. ^tl^hff) 

^-hT»0^S«««:2 5 O-SOOAii-rs. 

«IW}gjBC (NF) <Df^^i&-kl, 5dBtbtci&^. ttfflJiiftStV 
iStts Ga As -MESFETttffllRDT'Stf J:^tC5GHz«^*r' 
BIi6•Cifey, HEMTOft^aHftAtfjg^-rji^lCl 2GH23», "T'S: 

ItW^jRNFtt?}?^ (1) "C^^eJvS. 
NF= 1 0 1 o g [1 + 2 « f K (C.. + Cp) -(1) 
X { (R. + RJ /g„} 1/2 

R.fci:v-7.»«t, R.tty-hS^, g.ttffl£ii:/3''^ 

HEMT (aS»A) i:MESFET (ffl«&D) tC*?V^T, t&ig®^ 
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J: "to. 2-0. 4pFSS) . b*»L. HEMTttMESFETlC 

^ (1) J:y, «-©*35^;*:S<j&5fcNFtt/h$<4^S 

lC*,H>THEMT-ett*?fc^^O. 8-1. 0 d BSK. MESFE 
T-ettl. 2-1. 5dBS«T?^5. 
;5^±tcJ;y, HEMTA^ME SFETJ: y«|«l|j»k:«*is::i:*^ 

O^tC, HEMT (fflIRA) fcNPNySyi^ SH;y^y 
S:l§*a^^£ {HEMT (NPND) ) (Z)N F l^-CK^-T & 

NPN«8|3r>f;t-KS:ffl^>fc<&^l:tt, ^ft«:amffii* (5GHz 
?r) iJ.t:t/ftfafflmffli^ (12GHz^P) il^S^^tiSNF 
J:-?-!. 5dB:max) S:}ilJe"^$)5!V>. COSftli, NPNftSI 

4^^';t-Koj^-:>««*^HEMT©c..tiigpji:^§s (*fS.k-eo. 

2-0. 4pFga) 0fc«)AAgffi (C.+ C) ^ ( 

1) J: U^UV^NF©§&^bS:5I*jec:TfcftT-ifc^. J«±tcJ;y. N 
P N ««3f ^ - K tiaiffl T' S 35: v> d t d^t> S . 

ill 5@icn^-r<fc die, mttmn (pg) ®»isffi«: 1 5 d 

Bi:Lfc«-&, «»«^S:tt*ii*>&V>HEMT (ftlRA) W: 1 2 G 
NPNC/Ss/^ K'^/'^y i?5r^^-.KS:fi*jli^fc'HEMT (ft«C) 

Htt, J5}?^ (2) icj; yiaitT?*s. 

PG = 101og [ { (g./27c (C.,+ CJ ) /f) ' 
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X {1/ (4 g,Rt) ) 3 ... (2) 

K-:^! iK^^!^m^: intrinsic PATi trnt^b) &fflt>&«SI^ 

S J; -t ® aiig^Sj S: H^^-r S c * S . 

SB 3^ J: IJf ^ @ li d> & ft t 6 K: & 5 -e -5 ■? . 

*R tc fcH^ T » S *i S 0 d -fe f^^ftSl 3& (D © «J| i «f »i 

5^ ^ ^ ;b « ^ s It s 1 « « 1! 0 ^ ^fe i|£ « ;j V e s m -f «^ ;» 
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5 iir8B«^^t7®ttr>K-:fGaAsji, ifSBfll^mi^JiiiNS! A 
1 G a A sflff, SJIB*-^ yi'nV^'i/hjBttNilGaAs JBTJ^JSlt 
isfSB€^^t7iii:55iSG a A s 7y K--:^ji®:^3W1$>«|g«: 1 
0" om"'jaTk«:oTV>&. 

t&I2«^*t5»i*T> G a A s IJKfS^ft^l&iBti NM A 

1 G a A 6 1, t&SB*- 5 y0ziy9{? KfllttN^G a A s JBVBfSi 
25 Sti, B&SB«^*^Tet3&SG a A s T> K~3/'»®:i;tt«S>aiSlt 1 
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7 

t!r2eo^®tcJ;4lfcf» G a A s HEMT©y- hi: V-;^iaHNi 
tS. f »m?i^«3fiStt«|t3^5©HEMT^:ifc«bT3f&J^;^± 
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m 3 @ Her SS ¥ l» («: S (D »f ffi @ & ^ . 

« 5 H 1* gf SB ifi « (*: » E 0 « ig > X iji « f- y >^ & 3f :r 0 ^ 
blff8Bijs««:^y.:/®«ffii: U - K i: i ^-f •^^?g^«|Lfc«ji&a^•r 
<b T » & ^1- -SP © »f ffi 0 -e ife ^ . 
25 SrSt'Ti''^ 7T'*So 
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9 

^ W S: ^ifi S fc A 0 ^ CD J^lg 
* H O flifift i> T ^Jjfj^jjg a: i :t kiag HJl 1- 4 . 

v>*. «rS4':/4JCj|)5;5i;-.K3«:y-7. (S) V-h'ttj: 

U, «y03*®U-K3tt-e*i^P|vV-XU~K. y-h (G) tj 

-K, Ku-r:/ (D) y-Kt/jis. ttc, K3 
irS2i|£««:^ y >^5 ^ ^/^f/'? 5, K 6 ii^Stt® -7 ^ ^ 7 



10 

W^v-fsia., ja*^o . 3-0. emmWiE^rji^t^^y, 

iCSttO. 15~0. 2 Smm fc)5coTl>2». IrIHTv'N ^> 2r$:li 

15 i4*^&sbTv>s. Ku-omsi ai: v-xsffii 4tt^^ti: 

^T**ffiLTv^&. t&8BV~x«ffii 4 tty~xB3l*l 0 icSj&! y« 

20 S!«ES*lTV^S. C^vlCkU, «m^i&»fih^;/i/X5 (HEMT) 

Ktt^«(<cjB (iM) 1 8 S:^^;fe'Ni NS!|ftg89g^l 9d»j^fiSiSti 
TV>S. Kf3BNS!ib^4^i|ia(|cJi 1 6feJ:r/NS!'fb'^1^ij5»(*:)il 7 
25 ±lC{i«SI[tg^«ffi2 0, 2 1 j&>J^fi&S*VTV>&. -eUT, MSE-:;^ 
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**tJB i:'a5ST>K-:^GaAsJi2e, t Jfe S NH A 1 

GaAsji27,:t-$yi?3>3»^hjii:5fcSNSGaAs®28 

7>K--/GaAsiB2 SttJiCS 3000~1000 0 ASflit* 
oTV>S. ::CD7'>K~:/'GaAs;i26{±, 22k7tli^^7. 

"cm-»JJlT (PS) l:f S. r^i!*)^, 7VK--:^Ga Asiiji^N 

^itti>, GaAs7VK-:/JiO:?;|efe»ftS:10"cm-»JJiTt 
UTfcXc4:»cJ;y, «^ll^l&«©f^ffilcJ:oTffli||tc2l!>c7C«?;!7 

Ni!AlGaAs»27ttjiC*100~400Agft-C, 
20 ffilil X10"-5X10"om-'6«T';feS. N^G a A s 

JB2 8l±IS$ 5 0 0-2 0 0 0 Ag«T. x 1 o^"~ 

5X1 0"oin-'S«-C*S. 

HEMT9©a5^, fsfefc*), |g»a5TMitirSBTi/K-3^GaAs 
;B2 6±lca#^ftt>JCN^A 1 G a As;B2 7 ;5^|Jiy. *>-DN^A 1 G 
25 a A s»2 7±K:ltNS!G a A sJi28-ej^^$nSV»-y?.ffi:t-$ 
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i^. A u G e /N i /T i /A ul??^fife$ tlTl^4. dixe* 

mii(DJ|C;S tt. ^ 2: 5 0 0 0 A g|g'e<l& S . 

if hji3 1 t^ratClimLfcNMA 1 G a A s ® 2 7 ±iZltMti^ 
10 -h«ffil 5*»J^^S*i.&. y-M5fct, fchittfO. 5Mm-C*»J, 
^- hiKtt2 0 0-3 0 0 MmT^S. V-hfllffilStt, 
A 1 *fct*M q/A u^-ej^^Sn, J|C$«5000~10000A 

BtfKT^ K-:/G a A s ji2 6 fcN^A lGaAsJi27i:lcJ;o 

7c « ^ ^ X -fr * ;i/ ^ $ *i 5 . 

Ni NS«»fg? 1 ggP^-CW:, K-:/G a A s S2 6±JC54 
ilbTNMA 1 G a A sJB2 7*»tta. ZlCDNSAlGaAs 
ji2 7±tt±NSG a A s ji2 8)5i>S:teoT«S. ^bX. pfSBNS! 
20 A 1 G a A 8 ji2 7 tJ,t:tJtNS!G a A 8® 2 8Ji. N i NS^^S^^ 

D?5t«^^Xf'-^:^;i/*^«^-raT>K-:^G a A s 1 2 6 ® ^jB8lJ 

fc^ieS. IfrSexy f">^ai3 5(lD-ffl9(ONS!A 1 G a A s if 2 7 i:. 
25 fl!iil|(DNa!A lGaAsii27i:. -il!l®NS!A lGaAsl27d^ 
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13 

^mmO NISA lGaAs;g27t;M-57>K-3fGaAsfl26tC 
J: o T- N Mif£»<*: 3 6 3 7 fc Ni!3f£ai<^ S 8 ic i & n i 

Mifi««:3 8±(Z)NSG a A s M 2 8 tt^ ii^tt^ai^^^;^^ ^ 

4 2 0 -cmmSkr-C U m o l S«^;iTtc;&j ^ y >>> »J >r- 

(P S cm TBfi&Sti, 0Sti5OOO~lOOOOAi:&o 

Tlr>S. *Ur. ^^y^'^-S^a>I!!8&ajf?flt,K:|8j^Lfegl5^A»7K 

«4 1 tmmzmm^u&ifi4 2 ox:m&pj.rx'V >m&ifi7 m o i 

Sllt^)^TJCJ5csu (PSGIK) x-m^th. ®$li5 
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^^'^'^^ FCr/JP!KMH480 

14 

K-:/'GaAs»26, A 1 G a A s « 2 7 , NSGaAs®2 
eSrJ^^^S. T>K~:/'GaAsM2 6ttJi[S 3 0 0 0'-l 0 00 
0 ASAi:«e-oTV>*. C ® TV K~:/G a A sji 2 6 It. 2 

0"cin-^iJtT (PS!) tt^, Z.tHZ^^X. Ti/K~ 
NSA 1 G a A s «2 7 l±/|CS 1 0 0-4 0 0 AgitT?, 

« 

«ttlX10"-5X10"cm-'S«T*4. ifc. NMGaAs 
M2 8lij|[$ 5 0 0~2 0 0 0AgST?. ^««J««»± 1 X 1 0*•'-• 
5 X 1 0 " o m-'S«7?fc & . 

HEMTJ^^9J^lCt,H>T, IJSB7VK-:/G a A s Ji 2 6 l±«^ 
l^nJS. NS{AlGaAs;g2 7tt«^«^|&ji, NMAlGaAsJi 
27tt^-$ yi/HViii; HlkU-CttfflStvS. *fc, NiN^fii 
«^^®«itl»4)'tCfcH>T, ir8B7:/K~:^GaA8M2 6ttNi N 



15 



20 



25 



wo 97/45877 PCT/JF9£A>1480 

15 

XHMA 1 G a A sM2 7 ^^XJ^Nmo a A s M 2 8 -t 7.x.y ^ 
8ffl2 8*JJ:trNS!A lGaAsl27*X5;f'i/ if-rs*^ Xyf^ 

-D^ifZ. ^i6»ttG a A s^mz s(io±m±±mzif^mm^Bfiibs 

HTffl®* h U ViT^^-f a«Sa:tf y h3t:7?£&flil,>TN^G a A 
5 0 0 0 AS&0A u G e /N i /T i /A u -ej^fi&^tlS. 

®IHI®NS!G a A s ji2 8*}J:U{NMA lGaAsJg27&Xy^:/ 

i^m^ti>. CCD, xy^>ir#|3 5«:2»:7c«^/f;^^^:?^;u*»l6 

^i-syy K~:/G a a sm2 6(^m}fsm^i:n< ^oizm-^^ti^. 
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16 . 

^S2x5.^>ifai:3 &©«ttjj|r^,^^:{j;5, l?83xy^>ir»3 5 
®-«!lONMAlGaAsJB27i:, fBifflJO) A 1 G a A s JS 2 7 
i:. -«30NSIA 1 G a A s »2 7 A^feflfeflljC!) NSIA 1 G a A s ji 2 
5 7iCS57VK-'^GaA8iB26JC*^TN ieif£««: 3 6 t Stt^i 
»«c (i) 3 7tN^i|£««c3 8k:J:SNiNM«ai3ll^l9;&»J^fift 

0 2~0. 0 4 P p F i:ffi«i!)T/J\$ i>. 

tfr82NMiji»flc3 6iJ.kt;tNi!i|S«ft:3 8±®NS!G a As 
10 »2 Stt-eJi^nfifeSl^^fli^i--^ h®3 9 , 4 0 i: 3&; 

fi^ai3!l^«ffi2 0 , 2 1 i:©(8|lc;t-^ y i^n>3r i7 fs;j;gl^§. 
oiric. BirSB*M/i^:;^.Nil4 5S:»*Lfc«b, iFffelcajRftt, tjft 

^® K U>f 3 i: 4®|ffl(DNMG a A s Ji 2 8 & 

15 Xy^viTB^ig-f J:<Da:yf->ifj», f 35!3b-fe'ii'-NJ^»a»4 6 

©WW: 1-2 AimSftTfeS. 
O^ftC, JiaSL/ifeNSA 1 G a A s jl2 7®affitwif8By- h«S 

15*^J^«$*ia. fefcittfO, S^m-^lfelJ, Jlf^h 

«li200'-300;»m-^fe5. y~ Stt, fcfc^lfA 1 * 

20 fei±M 0 /A u^T?J^^S*V, J5$tt5 0 0 0- 1 0 0 0 0 Ag^-e 

& ^ • 

^:*ilCJ:oTHEMT9*^J&fiK$Ji^. K U >'«fiil 3 ©TCD N 
S!G a A s jg2 8ti K b'f y n > 3i h jg 3 1 tofc y . 

'-^-^•ttl 4 OT©NS!G a A sfl2 Stty-Xffi*-^ y 3 > 
25 hJi3 OtCJ5:S. 
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TT?U >ai|g*Wm o lSlg;5lTlC35ES U:/S^ U-ir- hJK (PSGjgl) 
Jl^SttS 0 0 0-1 0 0 0 0 AfcJ&oTV^S. ^tvlcJ; 

h;A:4 7 tC3fe&. 

10 A 1 SfcttMo/A u^lrJ^fiRSti. ^SttS 0 0 

O-lOOOOASS-c**. SIRttlgl0^c:^-r<J;3ic, y-xffi 

1 IttKH":/*®! 3lcgfM$ti, ^r-hEHl 2tt-if-HS®i 
15 5*?i:tJC^g^^SS2 1 Kmm^i\>.&, 

•OlTiC, i)i||i»ttG a A sSfIR2 5 ®±® y a >|g|8 
«r?^fi!4-r2». -'NVt^^-i/a >1S8 J±, iTci: x.«^?^fiKJaS;5>4 2 0 

(P SGIH) -ej&^^Fti, JPStt5000~10000Ai:3&oTV> 

Oi^lC. i|iite»ttGaAs»te2 5tt, ^ 0Sffi*^m^©J|t$ i| 6 
tl, *J.k-€-0» 15-0. 2 5mm®JE|t$lc$ixfc^, «{«tK:^»f^f 
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K 3 W ^ U< y - K 3 i: ^ i5tigfr S 0^ L v> A J^fifc $ 
10 V^ . 

-D^lc. il^aifls^y >^50;Jf>r'< K 6 t U - K 3 t± "7 

mil:<*2Tai>, ^S«c';-K7l/~ASP^&^»rKi5&b. 
15 l*:2 A>e)|liU"rS4*® U-K3S:;Jf;i/e7^ > i^S! t^St" -5 d 

J; o ras 2 l9»:^-riiiiS^iSB l mmttuB. 

20 «(«!fiSW:tt3l50HEMTlCifc«Lr 3fgJS^±0 1 0 0 VSfitoScS. 
25 CKDSSSlt, N i NS!^ft{»^^a)i$O«fi*^0 . 0 2-0. 04 p 
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FJ5lTi:HEMT®y-h • V-J^ISMc., (*?*?J:-t, 0. 2~ 
0. 4pF) m&iztt«tlX^lfUl^V^^U^fUff>^'C:^^Ztlz 

(c.. + Cp) ©le^tt^jf^i^'f, NF<o^&^b*^j&irjB#/jsv>fc«) 

a!fii»9^ ^ S: IB a. * 35: i> 5^ d^Bii t? 4 . 

4c:fc;5<-e$^. ^:fc\ N i Nl!«a3(|^<DWffiW:N^±<DiailBT'««t 
•9-'-i/"ffigttt± i (7> K-:/G a A s ®) 2:i|«|$|g| (® 
IHilfiAII} jrcDllifiiSr^KtiS. 
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